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was extensively investigation, no gametes carrying a new modification of it 

that alters its capacity of action have yet been identified. IIowever, in 

a few plants and kernels havi,?g it, sectors showing the Spm-s capacity have 

appeared but Weir frequency is low. In contrast, another Spm-w isolate 

exhibits relatively frequent returns to or twoard the Spm-s type 

capacity of action. 

4. Transposition of Spm 

Initially, the most complellinr evidence of unit elements, independent 

of the gene but capable of controlling its action, came from discovery of 

their transposition from onellocation to anoth:?r in the chromosome 

4- complemazt without 10s'~ specificity of action in the process. Trans- 
4 

positic:n is a lbehavioral mechanism that all of them may share in cormnon. 

Xowever, in studies of this, it was learned that an element known to be 

transposible, may not undergo transXosition wjthin a given set of 

conditions. -'/Jhen these conditions agllly, it could be difficult to 

det<~:mine whether or not the observed altered phenotypes wer,-. the result 

-thj /bsL@$ 
of action of a controlling element, *of gene mutat'on, 91 of a 

~-wLJj: 2 
4 

.I 
modifier orAa“mutator-gene. In the cases we have examined, this could 

be distinguished on the basis of known histories of origin and of 

of comparitive behaviors under given conditions. In ot!:cr words, 



transposition makes possible ready identification of a controlling element 

but lack of evidence of this does not%xc&&di necessarily ~ k ~~1-..~~~ the rossibility 

that a controlling element is responsible for observed types of mut;ltion 

or of instability of gene p-‘P-yw M&GUI l There is evidence to suggest that 

controlling elements in maize may plap a larger part in the origin of 

mutants than hrs previously been suspected, and this t;ill be considered in 

the concluding section of Wis rex;ort, 

Evidence of transposition of Spm is extensive.. 't has been observed 

in various ty-oes of experiment conducted,for purposes other than that of 

examining the phenomenon of transposition itself. Tests conducted for the 

latter purpose reveal more about it than evidence, however,extensive, 

obtained from other types of tests. The??efore, in this re?Ort, only 

t?ose tests will be renorted in detail that are cenbered on an examination 

of trans%-, sition of Spm, 
&AN,~~ * 

There is no doubit that t'ne time dur&ng development & the frequency 
A 

R q% 
--WV Vbnspesition of Spm)&se under some form of control, SW& --~ 

aeuLMJyuta+ as the time and frecuency of mutation at 

q&QA~ 
A 

al m'lmd a m-1 
2 are controlled bT 

the state that is present in any one plant or kernel. 
4 Up to now, the 

conditions responsible for ,FW+I control$ have not been and no 
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tests have been conducted that might serve to reveal them, although such 

are possible. Nevertheless, it is suspected that control may reside 

in the Splp element itself, and that changes in this may reflect some 

alteration that occur d to thSs element. Even though an examination of 

v-Jwd&t 
factors associated with control of t:>ansnosition of Spm wer>n&k+&e&, 

the following types of control are known, Mith some isolates of Snm, 

transposition of it occurs in some cells early in plant development. 

With others, this occurs only late in development Jjith still others, 

transpositions may occur both early and late in development. Xith m 

other isolates, transnosition of Spm, either early or late, may occur only 

cd 
very rarelyt illfith one isolate, no evidence of transposition has yet been 

obtzined alt:ocgh it has received extensive study. 

uJ@H fd-Luh@ ../ s$Jq+ 
'IiZ& Spm ~&WI is not &kt& for ,eF, 

4 4 
the mechanism associated 

with transposition. This is more readily accom-;lished with other ,qrstemsJanc 

&at of Ds;or of AC at the P or Bzl loc@,serve this purpose better. NO 

additional evidence of the come from this study of 

Spm. 



29 

f), Modifier element in the Spm system 

In the course of study of a m-1 
1 , a series of tests we::8 being conducted 

to determin&pm number and location in aezrly a thousand (995) plants! 
. 

all of w.ich were derived from the second generation backcross to plants 

that were homozygous for the standard a1 locus and in which no Spm was 

present. The state of a1 m-1 was the same in all plants that carried it. 

The behavior of this state with a fully active Spm is shown in photograph 

With A, mutations occur late in development of both plant and 
-12 [ I(‘ b"q (J-q& Q&t 

kernel, w&i&few excextions. it would be expected to 

m 
43e stabl*-in generations, and tis was fiound to be 

I 

true. In fact, although it has been used very extensively in these 

xkennuoaw lJ-!?24M@PN 
studies, no w carrying a newly altered state of it has ~+MMH~ in any 

I 
one of the 

test. However, b plants in the test serits menticned above that was 

m-l 
a1 Ia1 and carried one Spm element in chromosome 5, was crossed by one 

that was homozpgous for a1 and had no Spm, On the resulting ear,- 

all a m-1 
1 cau'rying kernels that also had Spm exhibited the expected 

pattern of mutation to AI EMZ that this state produces with the exception 
JuJvJd 

of one. 
1 

This exceptional kernel exhibited a markew increnseghgumber of 

Al mutant spots in comparison with that shown by the other variegated kernels 

ow am . +( 
on the ear, . . 

4 (an.2 - illustrate P 5 
4 

&photograph>' . 1 Its phar, otype 
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suggested that an alteration of state of a m-l 
1 

had occurred in an 

ancestor cell t db P++&e+& this kernel. derived from this 

kernel likewise exhibited the same marked increase in freuency of 

mutation. Tests we:e conducted with this plant in order to examine the 

nature of the altered phenotyr,e,and these indicated that the increo.sed 

mutation rate was not the consequence of an altered state of a1 m-3, but 

rather of the presence of an independently located heritable unit. 

The effect on a1 m-l mutation rates produced by this heritable unit could be 

seen only when an active Spm element was also present in the chromosome 

comple?lent. In the absence of Spm, or when it is inactive, no evidence 

of the present of this Modifier is noted. Tests of it conducted in 

subsequent plant generations indicated that it underwent frequent 

transposition and thus, could be considered as an independent controlling 

element within t:?e Spm system. Its presence in any one kernel or plant 

could be detected readily by the increase in rate of mutation to A1 

it effects wLth those states of al m-l that are characterized by the 
\ b, . . 

production of relatively few such mutations in its absence. %Ls_r&te k 

7YglkdwWs~k~~ --I, 
of increase of mutation is proportional I&& ea+&h state in that the %‘ . 

cJbQdb 
-I.--. lfcmb.q ‘I ,c,. 

number of mutant spots is increased by a factor somwhere between 2 and 3.‘> 
Jull.bI A n 

1: * ;'. '. _I The time when mutations occu~~is not altered by this element, Also, on 
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states of a -1 that give very many mutati ns to A 
1 1 in the presence of 

active Spm, this element app22rs to exe:6 l&ttle or no effect. A$t+Q 

‘1: "- $'! 1 herse is no evidence to indicate that increased doses of it will effect 
i ‘1 : ..: 

1 'c ', .,.a proportional increcse in rate of mutation, 

Tests of the action of the Modifier on four states Of a m-1 
1 

were 

conducted. In addition, tests of its transposition were made. Likewise, 

its behavior was examined tith a fully active Spm-s element, an Spn-w 

element and also ones that are undergoing frec.uent change in phase of 

activity. It is of interest to note that it produces the same 

phenotype with either Sprn-s or Spm-w, 

No more is known of the origin of the Modifier other than that 

str,ted above, nor has another instance of origin of it been noted. 

It could be related both to the Spm element, since it enhances Spm-w 

activity, and to the element at a m-l 
1 , since it exhibits one of the 

properties of this eleiilent, that is, control of rateof mutation to A,. 
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69. Resume of node of operation of the Spn syst::m 

r'ron the descriptions given in the preceedi:?g parts of this secti n, 

the reader nay hzve gained the impression that the Spm s::stem of control 

of gene action is inordinataly complex. 'here is no doubt that the 

analysis of a system of t!-Gs type may be inordinateI.:: frustrating because 

of the many IEEE&XX= 
may 

diverse phenotpes that/a:~penr,even in different 

parts of an individual plant or in diffe;:ent areas of Q& key:nel, and also 

because of the irregular and irreconcilable ratios of 

phenot-,-pes that may appear in progeny of sister plants or even in progeny 

Qh#4 4 Qd- 
derived from different pzrts of the same plant, $ecBuse of this 1 study 

of a2m'l 
q5$zi.4 

had to be discontinued for a pn:%od'as no We interp_etationS 
lul?&w 

A 

m from observations and tests of it. Study of a l-2-1 
1 

progressed 

more rapMily and successfully;and relativel:? e-rl>- in its st&@$, inter- 

pretations could be drawn of the basic mode of operation of the elements 

‘& ; _... . " 
involved in tG& system;an8these1have remaincd(essentiall:~‘valid for all 

-*,I fj.j $dJx I#@ 
observations and tests subsequently ccnducted, 

4 A 

For a ready appreciation of the mode of of this system, an 

* irD The first is 
understanding only ofntwo primary aspects are essential. %EXEXXE 

d* . concerned with an ~~r~~ expressior;kgiven by the different 
n 

states of al m-l and aznml, and the second is co_rcerned with the basic mode 
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independently located 
the/Spn element. All other aspects are secondary 

in that they are concerned almost exclusivel:? with the deg::ee of effective+ 

B action of the Spn element at any one tine, and the consecluenceSof . 

this with any cne state, These secondssrg aspects,nevetheless, are 

apparent _ 
responsible for much of the/U conplexity of this sgstenJand 

dd ccxM‘Q+J 
for ma.q~ of the difficultfes and frustrations experiencr&in4its analysis. 

i 

As mentioned earlier, the states of a m-l n-l 
1 and a 2 control the 

types of mutation, the time of their occurrence, and the frequency of this 

at any one stage in develhpnent when Spn is present and active. They 

also control the tTne of gene emression that appears in the absence of Spn. 

The states vary greatly with regard to these expresslons. Thus, within 

the s;;s-Len, diverse $&ysnot:~~es are produced that are attributible solely 

to state differences, 

e 

induclB&&Z changes at +&I+ al m-1 or aznW1 -that ka4-k 
IM -4 

!L a tel>ed 

expressiow,of inl Included among the-m are mutations to 

stable allelesJeither to a totally recessive, a 1 or a , or to higher 

+r! (iYbd.dmy uJ-ai@b & ' . alleles,t&ath associated with a particular Q-p&and degree of w 
-4 A 



R stnble4allele, but rather k an altered 'cz??e of behavior of the locus in 

subsequent cell and plant generations both in the presence and absence of 

Spm, that is, to a change in its state, 

. ‘, .,“‘( .; 0 
’ 1,: 

, 
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Part II. Origin and Behavior of a1 m-l 

1. Origin of aim-l and of its different states. 

The origin of aim-1 was outlined in the srevious section. It first 
5 .-, ,I?! ) 

." ',t i' k 
appeared in a single kernel on an ear produced by the cross of a plant 

hpmozygous for al and for A2 to one which was Al/a1 and &/a2. The a2 

in this latter plant had been derived from mutation of aZm" to the 

stable recessive, a 2' All of the kernels on the ear, except one, 

were either uniformly dark pigmented (Al and A2) or totally colorless 

(5, atL The exceptional kernel had spots of deep pigmentation in a 

colorless background. The plant derived from it (culture number 5371) 

likewise exhibited variegation for anthocyanin pigmentation. It had 

a number of distinct areas of deep pigmentation in a non-pigmented 

background. From the known constitutionsof the parents, it was suspected 

that the instability of genie expression was associated with an alteration 

that h&d occurred at the Al locus in the heterozygous parent and in a 

single cell, late in development of the plant. Therefore the variegated 

plant was crossed with a rqmber of plants that were homozygous for the 

standard recessive, al. It was also crossed with plants homozygous for 
G $th hjWl?;iitXJ@  

the standard recessive, a and 
2j 4 

for &kmr recessiveb alleles of other 

genes known to be involved in development of anthocyanin pigment formation. 
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From these crosses it was readily determined that the variegated plant 

carried the standard recessive, al, in one chromosome 3, and a recently 

modified Al locus in the homologue,and that the modified locus was 

responsible for the expression of variegation. 'phis locus was given the 

m-l designation gl- 0 The original variegated plant, 5371, carried the 

standard A2 in one chromosome 5 and a stable recessive, a2, derived from 

mutation of a m-l 
2 , in the homologue. 

On the ears pbbduced by the cross of the original alm" plant to 

plants homozygous for a1 and A2, kernels exhibiting several different 

phenotypes appeared: those that were uniformly and deeply pigmented, those 

that were uniformly but lightly pigmented, those that had areas of deep 
-&&I~ wx 

light pigmentation in a colorless background, and totally colorless,Mc 
4 

The types of pigmented areas and the pataerns of these were much alike 
~h<Ly& 6) 

among the variegated kernels. 
r\ 

There were some large areas that were 

Q-QM 
i' ,,;&t i * 

either deeply pigmented or more lightly pigmented and many small areas 
c &?., 

4 
t. with these pigment types, as illustrated in photo. . However, on 

a few ears, there were one or several kernels that exhibited a pattern of 

w 
a- 

variegation that differed markedlyA Some had only small spots of deep 

pigmentation in a colorless background, and the number of these ranged 

from only a few in some kernels to very many in others. Other exceptional 
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kernels exhibited pigmented areas of various sizes in which the intensity 

was always low, 

kernels exhibiting different phenotypes were selected from some 

ears and planted in the greenhouse the following winter, 1950-51. The 

phenotypes of t@e selected kernels are entered in colu@n 1 of table 1. 

The phenotype exhibited by each plant was similar to that expressed in 

the kernel from which each ~813 derived. For example, if the kernel had 

shown only a few small spots of deep pigmentation in a colorless background, , 

the plant likewise showed onLy a relatively few small streaks in which the 
&f&r ~qu"J.q 

deep pigmentation appeared. 
A Or, a plant derived from a variegated kernel 

having pigmented a& whose i tensity was low, A likewise exhibited pigmented 

areas in which the grade of intensity of this was low. It was evident 

that the altered patterns of variegation in the selected kernels and in 

the plants derived from them arose as a consequence of some genetic 

44 
modification controlling time+ dur$ng develoL:ment at which change in gene 

A 
44 

action occurs, tanumbers of cells in which such changej occurrat any one 

time, all;\ti types of pigmentation that would result from this. 

Confirmation of this precise type of control of gene action came from 

tests conducted with these p&ants, through self-pollination of them and 

through crosses of them to plants that were homozygous for the standard 

recessive, al. The phenotypes of the variegated kernels on the ears 
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these crosses produced resembled that which had been expressed in the 

kernel from which each plant had arisen. 

The kernels selected for greenhouse planting belonged to several 

different categories, enumerated in table 1. All four plants derived 

from kernls in row 1 carried a stable Al mutant of al m-l . Those 

derived from the uniformly pale colored kernels in row 2 appeared to 

carry a stable intermediate allele of Al from tests conducted with them in 

the greenhouse. %bsequent tests conducted with their progeny indicated, 
,.'.1 1: 

,., that the a m-1 1 locus in them was unmodified and that it would express 

the original type of variegation pattern in the presence of Spm. Tests 

of one of them, plant 5700A, and of its progeny will be eonsiaered in 

detail later. The two kernels in row 3 had been selected because each 

exhibited a few small colorless areas in what appeared to be a fully 

pigmented background. Tests conducted with t@em indicated-, that 

this phenotype was not produced by somatically occurring change in gene 

action from Al to a1 but rather it was produced by a very large number of 

late occurring mutations frmmx to Al. 



were hcmozygous for 

ed kernels in the progeny 

been expressed in the 

ting, n kernel 

ully -pigmented background. 
4 

derived from them icated, however, that thtQ 

phenotype was n xpression from the A-type 
i 

due to a very large number of late occurring 

-. This coneluence &2-s not 
mww+ 
FZZ&W ftrw;l direct contact of one mutant 

spread of some subs$anceJproduced in the 

mutant areas,%&0 the surrounding genetically a1 - that allows 

dhpW@ pigment to be formed in %IwB, This substance may spread through a number 
'/q L [&$,.,&i&j e\& o"\.\i-r[l~~ A CL ?&I.,cp ?.?.~LEL(fcj Il'k- 

of <! cellsJand it gives rise to a halo about each g-en&&&&,Al mutant! 
4 

L$~ JJ.lwK*b 
m, the intensity of p&gment decreasing as the distance from the XB&H& 

w $& ;;;&J~&~ .?&;.;s, ble pwf:' 
j ~63. increases. Thus, whenever a large number of cihosely placed mutant 
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Al areas are formed, confluence of their halos occurs,- 
h 

--*@=M When this c!i!&z within a &arge area of a 

plant or kernel, th area may appear to be uniformly pigmented and to 

have arisen from an early occurring mutation to Al. However, microscopic 

G 
examination of such area+ usually revehles some irregularities within it in 

n 

grades of intensity of pigmentation. . 
-.~_ 

F 

srrck-pis expected 
&.qfq&'*;x~*J*i'& 

confluence S- 
~ , .;, 

. 
fw&h.d-dq,m* L 

aotie / A 
Halos of the type described above a-r\ ares 

pigment . exhibiting tm s intensities of lower grade. The borders 
' 1; 'I. I" 

of mutant areas are sharply defined. 
A Thus, a change in gene action at 

a1 m-l to full Art:;ue expression may be distinguished from those that 

give ?iY lesser intensit f 
9 

of pigmentation not only on the basis of $0 
+@w*@q n--g 

intensity4but also on the basis of4haloJ,fW. It is suspected that 
f--p c fJ 3 

the pigment produced in M&m pale areas is not the same as that 
ti/d"osLv pAwdQ.wq dccn w-4~$W.h~**~ .-.- 

. produced by the standard Al';;. Tbin.2~ W=@L.-i‘i 

l4.tHM&,mm&maatiqI‘Reunk &I 

. In them, the pale-- phenotype is expressed only 

'ix I' bddA.4 -d 
in some tissues,and4is conspicuou&ly absent from the leaf-blade except jr# 

4 

the mid-rib. In contrast, the full Al phenotype is FSP#E& expressed 

$4AhiwLpd k-q rJzlr\p-+-d lJY%hK * 
in the leaf-bladet4 Also, in the plant, some of the pale-producing 

mutants give rise to anthocyanin pigments with pastel shades that obviously 



would not anpcar rn?rel:r from reduction in amount of the same pigment th{at 

is produced stand rd Al. It is likely that the action of the pale 

/wAl&crM 
mu&s M pigments that differf,fromthat standard A, 

In addition to theAcases of modified a m-1 e 
1 

ai described above, 2. tests were conducted with 9 

other nlants grown in the greenhouse during the winter of 1958-51. 

( b-u\, w 1) 
Four of them4were derived from kernels thnt apneared to be uniformly 

pigrlented when 
- . . t;ne &%% similar to that produced RT standard A is 

1 
'. 1 

development. It is probable, therefore, that the phenot;Te of the 

&P@@ 
6b 

kernel that gave rise to this ulant was produced confluence of haloes 

u&4 M‘~Wb 
about m&nt 

m9w,. w 4 
areas mdescrib:d above, A Five other plants, each derived 

4 
from a kernel exhibiting only pale pigmentation, uniformly distributed 

o$er the aleuron layer, were also examined. Phe\pale phenotqTe wed 
jr1,. F~ “; 

. . . ton and d - c i&was recovered in expected proportion 

in W progeny dorived from tests crosses made with each of t!\ese plants.vi 

hQ ilmqfiti m  cJp4.d l 
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-lb 0 ‘2-e qdacule 
In addition, tests were conduct d with 19 plants, eachA&&+&! from a 

cRaur*wI) A 
variegated k-:mel, Five came from ke>-nels that had exhibited the pattern 

a 
variegated 

of t!-iis that was common to the majorl;.ty of/kernels om ears produced 

by test crosses conducted with the original a m-l 
1 carr>ring plant. Zach 

of the remai:!ing l~~nlants came from a kernel that had exhibited seine 

from 
marked deviaticn $$' thl.s pattern, and the types of t1G.s are described in 

w 
5 q) 10 & XI A ‘*- , 

/column 1 of table 1, In this table, the culture number+ of e::ch plant 

are 
is givenJand that of four of thelm tiS underlined. 

Pcur of the six modified states of a m-l that were used 
1 

exti-,nsively throughout the study of a1 m-l . In subsequent refsrences to 

db 
a particular state, it will be designated by theAnumber of the plant M  

f--vRQ&(nLep 
originally carried it, It may be &AzzI at this time that although 

the original stai,e of al ml @l&$j 
has given rise to many &~fcr& states, 

lb gh 
only a sxwf3. . . pcmrP 

b&y- Qd s ha$frm examin-. 

4 
e+&&300 of a two-element system, responsible for control of gene 

expression at al m-l ~ was obtained from ratios of kernel tynes on ears 

produced by self-pollination or by test cross of the :>lants grown in the 

greenhouse during the winte of 1950-51, Seveylal ex, 
.P 

pies w'll be given 
.? ! 
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Examples illustrating this are givn in table 2. In this table, the 

of kernels 
phenotypes/produced by tests crosses conducted with the 

7 
line -of table 1 are e . All a variegated plants were 

m-l kernels derived from 
a1 / al, AZ/A2 in constitution. In -table3 

J 
the progeny/f%+em any one 

are 
test &x divided into three classes; %k~ unif'or~y pigmented,- 

variegated,- and &LX colorless&.xxx&s The intensity of :Tigment 

-QJJ@@%- 
@@kernels intered in the uniformly pigmented class di.?f'ered according to 

tim 
the slant tested. 

4 
Those derived from tests of plant 5715A were intensely 

pigmented. The ' ' '&xx~~3? pigment in those derived from plants 

5817A, S719A-1, and 57196-2 2 . 4 In contrast, the 
\ 

. ~C&BW@U& kernels in this class in the progeny of plants 571&E and 

5718 expressed a very low level of%ntensity & pigment, -411 lnvrg 
.-_ .--. 

very pale. 

Similarly, differences were expressed in the pattern of variegation 
p&&-J) ~~~ 3& iw 7 q w I. 

exhibited by class. In the progeny of plant 

f-vwdE@rn - 4 
l&x+ deeply- 

5713, them were characterized by the presence of many) small/pigmented 
fl 

+.us (Ilkbow 
A i 

spots. *tf 
deeply- 

ew kernels a large/gigmented area 
4 4 .v. The pattern 

given by the variegated class of kernels in the progeny of plantsS719A-1 and 

5719A-2 z alike,and it resembled that given by plant 57lf;A except that 
($Jc. G. 

there were far fewer p?g$ented spots. 
4 

Plants 5717A and 5'718 produced 
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variegated kernels in their progeny that 

~;,~r~ 
had small, deer?ly pigmented 

spots but the numbers of them werelfewer than those in the varregated class 
ppJ@u?5w\*~-;I 

4 

4 w plants 5719A-1 and 5'7l:A-Z,a& &so no large pigmented areas 

appeared &II any of them. The pattern exhibited by the variegated kernels 

in the progeny of plant 571&E was likewise distinctive. v* 
uJQAJdq& , a' . spots of deep pigmentation m and the 

T 
aw were l ’ 

A 

-over the aleurone layer. 

Tests subsequently conduced with the progeny of the plants entered 

J‘7 L b @&ji s7ws-~ 
in table 2,-- and s through many plant generations-0 indicated 

that the pattern of variegation given by each was a reflection of aQouc4 

modification that had occurred to al m-l in a cell of the original al m-l 

carqing plant. This was 
4 

responsible for the altered pattern of 

expression of a1 m-1 given by each of the plants enter--ed in table 2. 

It is known that this expression will persist tkrougWplant 

in some cell of a plant that again 
generations until another event occurs/$t modif$&the beh vior of a1 m-1 

ri...yj9Q.~ h&@.i~‘r 
and this,will be expressed .-z a.** 

t cell~an.d+3~~nt. . 
1 m  S. Ilhat the degree of stability 

4 

of any one state of al m-l fiqaAh, M&d, J-4 
through plant generations in time of 

occu rence of mutation-inducing events, -- those that produced the deeply 
/I 

pig:llE:nted spots in the progeny tests just described,--will be pol.nted out 

. It need only be stated here that the later the time during 
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development that such mutations occur, the less t'ne change of appearance 

xc>#? & 
in a gamete of a newly altnred state 

/f 
/PiewJ.y alt,ered state 

t must be present 
P- 

in gameteg k if it is to be isolated for further examination. 

Plant 5720, row 9, table 1, arose from a kernel that exhibited both 

large and small pigmented are- s in a colorless back,, Fround but the intensity 
r&S&~ 

of pigment in all of them was much lower than that croduced by Al. The 
? 

diffe-r,ent areas exhibited pigment of quite diffe en-t intensitibe, ran,ging 

b&A 
from very pale %tn some to quite ae in others. The plant also 

exhibited in which different grades of intensity we-c exp:;essed. 

Progeny of this plant, derived from self-pollination and from x>eciprocal 

crosses with plants homozggous for al -, produced variegated keznels 

aw 
of the same type as that wG-ch gave rise tc this plant. In B of them, 

4 

however, one or several 4 small spots of the full Al-t;rr:e pigment a-eve red, 

In addition, the-e were many kernels exhibit?.ng uniformly distributed 
4 

' p'sw"g 7-anFed pm over all ol' the aleu-one layer, H-ifhe intensitq nC -1 , 
-4 

from very light in some kernels to a;la&te dark in 

em bong them the same grades of pignent intensities as tlz2-t ’ 
4 

the pigmented cLc 
exhibited among/diTferent/areas in i?M variegated k,rnel $ . The:c>e FJeTC? also 

a numb,:r of colorless keynels. Subsequent study of the progeny of plant 

5720 made it evident that a modification of a1 m-l h:-d occurred in a 



parent 
sporogenous or spore cell of the criginal a m-1 carrying/;lant that had 1 

effected a marked shift in the proportions of diffe?,cnt muC;ant phenotypes 
Q-1 &a c& 

it would produce in comparison with thatieglven b-' the original a m-1 
Al l 

However, tnis alteration did not he time during develoument at 

which a mutation-inducing event would occur,as it had done x.xxU.x xxxxx 

-mE with resnect to &ME a m-l 
1 carried in the plants enter,ed 

row 
in 33ae 7, table 1, Qas&rdlBed above, 

As ment:ioned earlier, none of the tests conducti:d with plants 

gr0h-n in 
q &Jp fl?f,@&q lLq$GT u c; 

the greenhouse during the winter of 1950-51 &&&I&& the c 

presence of an indtipendently located element that was associ:_7.ted with& 

,! . . expression 0E gene v 
+ 

m-1 
al l 

Onl-y & progeny of some of the58 

a-(* o&&g w l&~~clp.eassr &ad greenhouse Flants were v during the summ;:r of 1951 was %&M&&M~ 

and . 
s9 .l 

the type will be considered below. 

L 

,_, 

During the summer of 1951, 

d$ 
pJJpJ.20 cz4lv&&d l&a4 

p@ fzml f ive of the plants entered in table 1, 5700A, 5716, 5719A-1, $719A-2, 
ww- 

and 5720. 
. 'ii-GJ@ wy~qfJ&@ &&$?&m.k 

In addition, 
A kc:-=nels we:%-e selected from ears produced by 

A n 

cross of the original alm'l earring plant (53?$1) to plants that were 
f! -% 
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kenels exhibiting the ??attern of variegation appearing in most of the 

kernels receiving a1 m-l. from tne parent nlant, .Lc plants derived from 

kernels :lhose variegated patterns deviated masykedly from this, 7 plants 

derived from kernels f%at appeared to be fully A1 in phenotype, and 7 

other plants derived from kernels that were uniformly but less intensely 

pigmented. 

e A record was made of the phenot::pe exhibited by each plant and test 

crosses were conducted with each. 

with on&that w&Whomozygous for the standard recessive, al, and for the 

recessive, sh2 (shrunken endosperm) which is very closely linked to al, 

giving only 0.4 percent recomWnation with it. qlis stock had been 

obtained from Dr. M.M.Tihoades for the purpose of making H more accurate 
&#@& ,,.,&Q.bdPS rpJ‘tA cL' 8 

examinations of t&3 
\E,&y$li&;q QEA $t.h . y A' I 

:-~&&%..&~~ty g 
'q,, ?+a.?p.l; &&.&J f 

Al' my 

i 
ar&g& ases of this had been 'accumulating'. Close linkage of a well 

P R a , .*. 
expressed gene- marker with & &a&&e locus would allow accurate 

e &j,r: c. j&g&W 35 . . . r of some types of -2x change in w action 0-T the 
QJixwdhG 

m that otherwise might not be detected. Since all m-l a 
fl 1 

plants grown in the summer of 1951 were homoz:Tgous for Sh2, crosses of them 

with plants homoz:?gous for al and sh2, preparaed the way for more 
Ii,%- ' +-. _ 

precise investigations of 5& in the future, 1 -.-@e 



a-. jilom~ s wc:re self-pollinated &&so cross&. +xv 
4 . ? 4 c 

cw . & St thktime, other projecLs were in progress 

. . that took precidence otver te study of al mo1 and 

fQvaeuh& --QQS-I 
therefore, the ears obtained from the various tgnes Of cross were not 

4 

carefully examined until more than a year had elapsed. Included in these 

other projects was examination of the behavior of m-2 m-3 
a m-4 

1 9 a 1 y and a1 s 

tnree independent ince*?tions of instability eJxr= of gene expr-:ssion 

at the locus of Al. It was soon realized that s W 

m-3 m-4 UW mdk- 
gene exgressl.on at al and al rM+ the Ds-AC system,- 

. e? g9cwwshm l The system controlling almW2 baas not &-AC, nor that 

having 
in which Dt is involved. 

operation 
A system Y&&E a q-uite di:.'feaent mode ofhz&%nrX 

was responsible for its weqression? An interpretation of the 

mode of opzration of this system was formulated from tests conducted with 

SUU?JUH', m that the.+ysLem operating at IX&& aIrno -4 
h 

n 
S_ubsec.uent f--L" indicated, however, that this 

assumption tias incorrect. The two s;:stans do not have elements in common 
/ 
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nor is their mode of opeation comp::rabI.e, 

Even thovgh a decision ha6 been made to postpone stud:! of al m-l 

until more time would be available for its examinaticn, it was desired to 

le:..rn if the change at Al, responsible for the origin of a 
1 ": would .+J 

$. bx tiq 
.;% w alter crossing-over between this modified locus and sh 

2' To determine 
.t 
ic this, only a few l>lants would be required and only a small amount of time 
I 

rl "66 . :; urw&J needfibe given to m th&test. Therefore, 10 variegaed kernels 
1 :. ; : 

; 
were removed from an ear produced by each of two v::riegated :-lants that 

-2 -, ,' w&4Jllur 
were a 1 m-1 Shyal Sh2 when pollen from a plant homoz:,gous for a and sh 

JltxhAb 
A 1 2 

&ch of the two 
w.es used on the silks of each ear. &X$&J variegated plants had Seen 

derived from a variegated kernel on the ear produced by the cross ofinducted 
-w&j&-d &tfdif~-~ b-d h?. zi?iQR -1 &d 0.c &*-'. 

with plant 5719A-1, entered in C of table 2. 
A 

Nineteen mature plants 

were obtained :"rom the 20 selected kernels. All e,xhibited variegation 

for anthoeyanin pigment, and all were alm'l 
=2/y Sh2 in constitution. 

The silks of all!.? 2 
A 

s produced by 17 of these plants received :?ollen from 

plants that we-e homozygous for al and for sh2. The reciurocal cross 

was variegated conducted with 8 of them/plants. The kernel types ap.nenr&ng 

on the ears those crosses produced are entered in table 3. 
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‘“2 
3-c , 

_- 

between!Sh2 and 
q!Jktdb~~I)~W * ? 
W ithin the 7490 kernels that exhibited 

pigment, there were three distinct classes. In two cf them, pigment 

was uniforxly distributed over the alaarone layer. Of the 3617 kernels 

ti 
imith Jd uniforrrU distributw C& pigment, I-. h 

only 4 XE.XB had the tyne of pigment 

produced when Al is present. The pigment in the other ~~ZQEX 3613 kernels 

QJJ@-q /)Qjq h /3 &.#Q $pq fl~%vdwl wUldryw.~q"f~'N~ .._ ,/&.----- ___~_ -- was ,u:.'L a= "---.^W ,I U-L I" t, and this was well expressed 

lji&Lii& 'i% 
the 

-Em&&m q&wFJJ[p &Fl pigment intensity 

-tik dib ,couzpQti -dip mmLI/p&t~, 
ix@those th-t had,,Pr,& those that were homozygous for pr. W ith the 

A 

standc.rd Al, the presence of Pr results in the production of intensely 

purple pigmentf. When pr is homozygous, tJ$e kernels exhibit,with Al1 
I 
. '-a deep- 
,( an intense red color. Some of the a m-1 b 1 

plants had Pr in one chrorlosome 

5 and pr in the homologue. The al,sh2 tester plants were homozygous for gr.- 

The::;efore, on scme of the ears, half of the kernels carr$ed Pr and the 

other half was homozygous for pr. On these ears, it was ve:-y evident 
~ 9 ~&Q.uC GA I- ,+JJd ul 

that the intensity of pigment appc$-:ring the unifody e class of' LB 
4 

q depended upon t&&r constitution with respect to the alleles of Pr. 

The color in those kernels having Pr was a deep purple, almost as intense 

as that produced when the standard Al is present. Q 
7, k+eGts-mZT Were homuzygous for pr-wexx~.~ 



/ 
In contrast, those homozygous for pr were a very light shade of pink, 

i 
\ 
:I 

4f-nh 
It 1;as anparent that the pigment present in the pale class of kernels 

4 
s dilutio "EIpwa-n* 

did not _ + f that produced by Al,but rather m 
-lJJJ p- QL>c~mA J&i% ;a) iv* pQ,iJ Pfg,&.. 

n 

tme of pigment, 

-7henot;7pic expression and,- all those that were pr were ' * '3~ 

likewise alike. The pale class represent&, then, one particular 
I_-.. _ ., 

pigment type in the 
genotype. Among tine vclriegated clsss of kernels, the/me deeply 

pigmenteKspots:.-aesembled that produced by Al, either a very deep purple 

Illustraticjns of t?lis pattern are g'ven in photo l 4 

In examining the data of table 3, attention should be given to the 

different 
ratio of the pale class to the variegated class appearing on/ears 

P alant,and on thezc ear:: dorived from use of its pollen in 

b[Wb 
the test cross to a sh2. 

4 IL 9 
It may be seen that an approximate ratio of 1 

pale to 1 variegated kernel apneared on eniFs produced by tests crosses 

co'.ducted with -1ants l,2,4, 5, 6, 7, and 8 bfl culture 6452 and by 

plants 1, 2, $, 5, 6, 7, and 8 in culture 6453,although tnere are some 

marked deviations from this expressed by tests of the pollen of plants 

6&2-s and 6&3-4. The ratio of pale to variegated kernels derived from 


